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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-L60

FLUTTER INVESTIGATION OF MODELS HAVING THE PLANFORM
OF THE NORTH AMERICAN X-15 ATRPLANE WING OVER A
RANGE OF MACH NUMBERS FROM 0.56 TO 7.3%

By Frederick W. Gibson
SUMMARY

Results of an experimental and theoretical investigation of the
flutter characteristics of low-aspect-ratio wing panels having the plan-
form of the North American X-15 airplane are presented. The models had
two different airfoil sections and were tested in a range of Mach num-
bers from 0.56 to T.3.

For the configurations tested, the experimental results indicate
that changing the airfoil from a flat plate (zero thickness) to a modi-
fied 664005 airfoil section derived by the manufacturer had a small effect
on the flutter speed at Mach numbers from 0.56 to 3.0 and a large destabi-
lizing effect at a Mach number of T.3.

The data calculated for the subsonic and transonic Mach numbers
with the use of a three-dimensional kernel-function approach are con-
servative but indicate the same trend as the experimental data.

The calculstions for the supersonic and hypersonic Mach numbers
utilized air forces derived from two-dimensional piston theory. The
results are generally unconservative and indicate a small effect of.
inereased thickness at supersonic Mach numbers and a large destabi-
lizing effect at a Mach number of 7.3.

INTRODUCTION

As the performance capabilities of aircraft become higher, the
use of thin, low-aspect-ratio airfoils is indicated. Therefore,
enhancing the fund of information on the flutter: characteristics of




such airfoils becomes increasingly important. TIn the present investi-
gation, semispan models which had an unswept TO-percent-chord line,

a panel aspect ratio of 1.08, and a panel taper ratio of 0.273 (North
American X-15 wing panel planform) were tested for flutter in a range
of Mach numbers from 0.56 to T7.3. The effect of changing the airfoil
from & thin flat plate to a modified 66A005 airfoil section (desig-
nated by the manufacturer) was investigated.

The tests were performed in the 2-foot transonic aeroelasticity
tunnel, the 9- by 18-inch supersonic aeroelasticity tumnel, the Mach 5
blowdown jet, and the hypersonic aercelasticity tunnel, all at Langley
Research Center.

Calculations of the flutter speed of representative models were
made. For subsonic and transonic speeds, a three-dimensiongl flutter
analysis with the use of the kernel-function approach was made by
following the method described in reference 1. For supersonic and
hypersonic speeds, the two-dimensional analysis with the use of the
aerodynamic forces derived from piston theory was made by following
the method described in reference 2.

SYMBOLS
¥ speed of sound, ft/sec
b half chord of wing at 3/4 semispan, ft
c local chord of wing, ft
f natural frequency of wing, cps
1 - length of wing panel, ft
M -Mach number
m mass of exposed wing, slugs
q dynamic pressure, 1b/sq ft
t thickness of wing, percent c
X streamwise coordinate, ft
'y spanwise coordinate, ft

Z vertical coordinate, ft
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P density of test medium, slugs/cu ft
w circular frequency, radians/sec
Subscripts:
1,2,3 indicate natural frequencies in order of increasing frequency
f indicates the flutter condition
u indicates upper surface
1 indicates lower surface
ex experimental
th theoretical

APPARATUS AND TESTS

Models

Geometrical characteristics.~ The models had a panel aspect ratio
of 1.08, a panel taper ratio of 0.273, and an unswept TO-percent-chord
line. (This is the same planform as the North American X-15 airplane
wing.) There were two alrfoil-section configurations. One section con-
figuration was rectangular with sharp leading and trailing edges, the
thickness values ranging from 0.295 to 0.58 percent chord. The other
configuration used the rectangular metal section as a core and a low-
density, flexible plastic foam covering to give the modified 66A005 air-
foil section derived by the manufacturer and shown in figure 1. Through-
out the paper the models having the modified 66A005 airfoil are designated
by a suffix A in the model designation. Both airfoil configurations had.
a constant thickness in percent chord along the span. All models had the
elastic axis and center of gravity located approximately along the
50-percent-chord line. Details of the models are given in table I.

Vibration characteristics.- The dyngmic characteristics of each

model were determined in the laboratory by using the test setup shown
in figure 2. The model was clamped rigidly to a backstop. An air shaker
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similar to the one described in reference 3 was placed under the wing and

the forcing frequency was varied until resonance in one of the natural-
vibration modes occurred. The mode shapes of each model were obtained by
measuring the amplitude of the white lines on a photograph of the vibrating
model such as is shown in figure 2. This photographic technique is

described in reference 4. Sketches of the mode shapes of the first three
natural frequencies of a representative model (S-1) are shown in figure 3.

The first two natural frequencies of all the models tested are presented

in table II. P

Tunnels and Test Procedure : @

Mach numbers of 0.56 to 1.19.- Models T-1 and T-1A were flush mounted
as shown in figure 4(a) in the Iangley 2-foot transonic aeroelasticity
tunnel which is a conventional slotted-throat, single-return type tunnel
equipped to use either air or Freon 12 as a test medium. The fluid density
and Mach number may be varied independently. The fluid density was set
at various levels by presetting the stagnation pressure. The Mach number
was then varied by changing the tunnel fan rotational speed. For each
flutter condition encountered, the varilous tunnel pressures and tempera-
ture were recorded. Eleven flutter points were obteined with model T-~-1
and ten flutter points were obtained with model T-1A.

Mach numbers of 1.3, 1.64, 2.0, and 3.0.~ Models S-1, S-1A, S-2, and
S-2A were flush mounted as shown in figure %(a) in the Iangley 9- by
18-inch supersonic aeroelasticity tunnel which is an intermittent blow-
down type tunnel operating from high pressure to a vacuum. For each model o
the tunnel was started and the stagnation pressure increased until flutter
occurred.

Mach number of 5.0.- Model S-3 was tested in the Langley Mach 5
blowdown jet which utilizes preheated pressurized air and exhausts to the
atmosphere. The model was flush mounted as shown in figure 4(a).

Mach number of 7.3%.- All of the H-series models were tested in the
8-inch-diameter nozzle of the Langley hypersonic aeroelasticity tunnel
which operates from high to low pressure and uses helium as & medium.

The dynamic pressure can be varied from 100 to 5,000 lb/sq ft. The models
were installed in the test section in the mount shown in figure 4(b).

Instrumentation

A recording oscillograph was used in the tests to obtain continuous
records of the output of strain gages which were oriented on the models
to indicate primarily bending and torsion strains. For the subsonic and
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transonic tests the various indicated pressures and temperatures could
be recorded directly from tunnel instruments. In the supersonic and
hypersonic tests, simultaneously recorded with the outputs of the strain
gages were the outputs from a tunnel thermocouple and pressure cell from
which tunnel stagnation temperature and pressure could be determined.

ANATYSTIS

For the subsonic and transoniec speeds the calculated flutter data
were obtalned by using the three-dimensional kernel-function approach
for airfoils of zero thickness as applied in reference 1. The first
three experimentally determined natural vibration modes were used.

The calculated data for the supersonic and hypersonic'Mach numbers
were calculated by following the method of reference 2, with the use of
the aserodynamic forces derived from two-dimensional piston theory. The

first three experimentally determined natural vibration mode shapes were
used.

RESULTS AND DISCUSSION

The results of the investigation are summarized in table II. Teble
I1(a) includes the data from M = 0.56 to M = 1.19 and table II(b) pre-
sents the data from M = 1.3 to M= 7.3. With the model designation
and Mach number are given the first natural frequencies, the experimental -
and theoretical flutter frequencies for the supersonic and hypersonic Mach
numbers, the thickness of the model in percent chord, mass of exposed
wings, the density of the test medium, the sound speed at flutter, the
dynamic pressure at flutter, the mass ratio u, and the stiffness-altitude

parameter *Ef'q~' The b used in the stiffness-altitude parameter is

-that at Z . In figure 5, the experimental data at low Mach numbers

(M = 0.56 to 1.19) have been plotted for model T-l which hed a flat-plate
airfoil section and the same model covered with plastic foam to give the
modified 66A005 airfoil section as described in figure 1 (model T-14).

The data show & moderately stabilizing effect of increasing the thickness
at subsonic Mach numbers and little or no thickness effect at M = 1.0.

A comparison of the experimental date for the thin, flat-plate models
and the modified 66A005 airfoil section models from M = 1.3 to M= T.3
is presented in figure 6. Very little consistent effect of changing the
airfoil section from a flat plate to a modified 66A005 airfoil is evident
up to a Mach number of 3.0; however, a large destabilizing effect of the
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change is indicated at M = T7.3. It may be noted that the data points
for models H-2 and H-2A were obtained in two tunnel runs for each con-
figuration under what were apparently similar conditions. The reasons
for the large spread in the experimental data at M = 7.3 are not known
although effects of transient heating of the model, clamping of the model,

and very rapid changes in tunnel conditions at the time of flutter could

be factors. A few separate tests were made with slowly varying tunnel
conditions to minimize transient heating and with a model-support system
designed to minimize damping variations; however, the tests did not iso-
late the causes of the variations in flutter coefficient at M = T.3.
Figure T presents the ratio of experimental to theoretical flutter fre-
quency for the two different airfoil configurations in the supersonic
and hypersonic Mach number range. A summary of the experimental and
theoretical data is presented in figure 8 in the form of a stiffness-

) bed - .
altitude parameter fag-qﬁ plotted against Mach number. The theoretical

data at subsonlc and transonic speeds indicate the same trend as the
experimental data and seem to be approaching good agreement as the speed
approaches M = 1.0. The theoretical dats at the supersonic and hyper-
sonic Mach numbers are unconservative but appear to indicate the same
general trends as the experimentel data. The theoretical dats indicate
a destabilizing effect of thickness above M = 3.5. This is in agree-
ment with the calculated piston-theory results reported in reference 5
for wings having similar properties to those of the present models.

CONCLUDING REMARKS

Experimental and theoretical results of a flutter investigation of
low-aspect-ratio wing panels (X-15 wing planform) having two different
alrfoil sections (zero and 0.05 thickness) are compared in a range of
Mach numbers from 0.56 to 7.3. For the configurations tested, the
experimental results indicate a small effect of increased airfoil thick-
ness on the flutter speed from a Mach number of 0.56 to 3.0 and a large
destabilizing effect at a Mach number of T.3.

The calculated results for the subsonic and transonie Mach numbers
with the use of the three-dimensional kernel-function approach, indicate
the same trend as the experimental data; however, these results indicate
8 lower dynamic pressure for flutter (a conservative effect).

The results calculated for the supersonic and hypersonic Mach num-
bers using ailr forces derived from two-dimensional piston theory indicate
generally a higher (unconservative) dynemic pressure for flutter than
the experimental data. The theory shows & small effect of increase of
thickness for the lower supersonic Mach numbers; however, there is a

on £
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large adverse effect of thickness at Mach number 7.3, a trend also shown
by the experimental data.

Langley Research Center,
Netional Aeronautics and Space Administration,
Langley Field, Va., December 16, 1960.

REFERENCES

1. Woolston, Donald S., and Sewall, John L.: Use of the Kernel Function
in a Three-Dimensional Flutter Analysis With Application to a
Flutter-Tested Delta-Wing Model. NACA TN L4395, 1958.

2. Morgan, Homer G., Huckel, Vera, and Runyan, Harry L.: Procedure for
Calculating Flutter at High Supersonic Speed Including Camber
Deflections, and Comparison With Experimental Results. NACA
TN 4335, 1958.

3. Herr, Robert W.: A Wide-Frequency-Range Air-Jet Shaker. NACA
TN 4060, 1957.

i, Herr, Robert W.: Preliminary Experimental Investigation of Flutter
Characteristics of M and W Wings. NACA RM I51E31l, 1951.

5. Morgen, Homer G., Runyan, Harry L., and Huckel, Vera: Theoretical
Considerations of Flutter at High Mach Numbers. Jour. Aero. Sci.,
vol. 25, no. 6, June 1958.




R

smman

L-420

DOTITPOW COOV99 | Weog pue To93g| 000°¢ ) ve-u
00¢* . 6~H

|etr 8-H

MUY 09" L-H

0g¢" W e . 9-H

JeTnduelooy A osH* 0" H ¢l ¢-H
0T¢” ~H

, c6e: ¢-H

9D

Te%3s Le¢ 2-H

e T~H

TeTn3usyosy Toogg ¢ 0°9 0°G ¢-s
POTJITPOW GOOV9Y | WeoJ pue Ta938| 00°G o o¢ ve-s
TeTnBuel0oy 79993 2¢ 9 2-S
PITITPOW COOV99 | WeOJF pue T9938| 00°G ] e VTI-S
TeTnSue)osy 19928 0¢* 09 0z pue 49°T ‘¢°T -5
POTITPOW GOOV99 weoJ pue 19918 00°'¢G ) ) . Vi-1
TeTnSURL 00 o938 | 0£°0 0°9 2'T 0% 9570 T-T

-.—.H..-ﬁ
(¢ 4
1 gqi3uaT 1891 JO UOTQBUITSAP
UOT3098 TTOIITY TBTI9YBN 00T X /2 Tomsd zoqunn TouR ToPoR
TSPOW

STIVLEQ THAOW ='T FIAVE




weg Tl|gregt| 16 226 | L7000" ) 6T T )
OTL*T|0°29T gL azg €6000" ¢0°'T
H6¢ T |G LOT TTT +24 8000 g6°
€00 T |T° ¢S L6T 224 94T00" 6"
986" |L*¢S HOT 126 9to0° % 0800°0 0°¢ GOT |89 PNA L Vi-L
¢69* [0°92 6TS LTS ¢€c00" Hg*
189 [¢°¢e TO¢ 8T¢é ©£00"* A 8°
s o« T86° |¢°QT %2 6TG L#00* L9*
B gré |T°HT Lo¢ 9T¢ T900* 09°
COG 01L ¢CT 892 gTS £€900°0_/ - 9% 0
9¢R°T0°LTT 06 6TS mmooo..J ~lOT°' T ™
99" T |4 ¢6 70T T1G 69000° LO°T
el Ti% 2l HTT 0TS 68000° 66°
92¢°T|9° 86 62T 80¢ TTO0* L6°
L2 T{g ¢S HT Log 2T00" %"
¢CT"T|0"¢H 9T ¢0g ¢T00" w,@moowo. ¢'0 TST|SB [¢6¢ |¢6° ) =1
666° |¢ 8¢ ¢6T T0G 0200° 9g*
298" |6°¢2 6TS 66+ L200° 08"
TLL® |0O°6T ace Lé% +©¢00°* . Hl°
0h9° |2°¢T 6¢2 | 664 6400" 29°
clgrolerot ahe L6% €900°0_) {9570
geres SO IR L bs/qt 09s/17 |33 no/s3nrs| sBurs [0 Jo queocied [sdo|sdo| sdo |requnu [uotyeuUBTSSD
T amg | “p | ‘e ‘o ‘W ‘3 ¢zl2z| Ty| youn TSPOK

8J9qUMU YOB OTUOSUBIL PUB OTUOSANG (B)

VILVA TVINAWIHHIXH JO XYVWANS =11 TI9VL



L-420

@
]

k)

@

o e 26°Glor9etfe | 080T 008 | %£90000" 89¢00° -0°6 ¢9 (o<t Lot oS Ye-H

o oLT 9o #ltfe | OTT‘T cgl 290000° | 89£00° 0°G ¢9 |ogt | LOoT |0O& ve-H

gL < |0°9Le 00T‘2 L6l 621000  |2L6000" ¢ 00T {492 (" G6 6~H

GCT ¢ [0°0TE | 099°T 66L 960000°  |£T000" ocH” % Loz 9L . g-H

e T |8 Hee 0T6°1 L6l LTTO00" €L0o00" 9¢* €oT {9Lt 2k L-H

Lgo¢lot62¢ | 008°T 008 | 80TO00" L6000° g¢” 6L (L6t || _]1e8| ¢- »A 9-H

n6¢ 2 lgrGGe | onT‘e gog | 92t000° 88000" o 6L |Gt V 9TT( | gL ¢-H

lewreglergee | oegle 018 L1o00° Lgtoo* [ 6L. |GGt G 7-H.

686°218°TT9 0%9°T 818 +60000° L&too- cée: 99 |¢HT ¢h ¢-H

9613 " 68¢% olT¢ Q6L 6T000" gocoo” |- lag a6 |H9T 16 2~H

gL € 10° 009 0602 g6L | g22T000" 20200° Leg- @ |Hot/ | TG 2=

e e 10°¢88 04L‘T ¢6l LoT000" 86200" e 2TT |¢¢T T¢T +9 \| T-H

921° 219" OLGSTT 984 89200°* TTO" 1 TST |0gT TET | &9 0°6 ¢-s

Ghl T T 1Tt 0LE‘T HTL 68000° 1600* 0°¢ e  |HTT eHt ce| o°¢ Vo8

048" T (¢°68 998°T 669 ggooo® | Loo" | g COT j2¢T | T&¢T 6¢| 0°¢ .28

8¢l T (098 Liw‘e | +l8 g4100" G2T10" 0°¢ 02T |84t QLT ¢c| o°e VI-S

829 T|T TG Grce 948 9LT00" 6600°* G THT {OLT | 02 19 0°2 -8

09" T|6°48 028°‘T 026 9T00" Ge10° 0'G HTT |8ST 26T ¢al 19°t Vi-S

e e 6L4"T|T°6G 850z 916 gg100° 6600° % geT (OLT | €02 | T9| H9'T T-8

A G T|h el OT&‘T 186 GgTo0" Geto” 0°¢ 00T |8ST | #6T | ¢G4 €T Vi-S

oo an 2 T|6°29 G6e‘T 286 TLT000: | 660070 G0 2Tl |OLT ¢oe T9| ¢°'T 1-s
Ap =2 43 s/aT |008/33 |13 no/sBurs| e3urs |o go queossd | I | sdo | edo jedo} zequnu|uoryeudrsap
et LM % i IR M S R [ P LN 1 ity et

senee saequnu YoBW 2TuosIedAy pue oTuosxadng (q)

pepnTouc) -~ VILVA TVINIWINEIXH 40 XHVWWAS -°II FI9VlL

10



¥

&

L-420

1455 1

G e®
)

EE W
“B Y

11

Panel aspect rotio = 1.OB

Panel . taper ratio = 0.273

t/c varied for
different models

Steei
or
aluminum
Plastic
.\goo foam
L _ ) _ _ 07 Cline _ _ _ _ _ ___|
e
Airfoil ordinates
66A005 modifiedd
f- 1 z z
v . 1
100% | 100-¢ =100
l 0.5 0.384
1.25 577
i - 50 1.047
; i 100 1.460
l Wing & = constant along span | 200 2001
300 2318
| 400 2476
= 6in. for T and S series models 450 2500
500 ..2.485
= 4 in. for H series: models 600 2346
: 6700 2.085
1000 0500

G Straight line fairing from
67-percent chord to
I-percent ~thick trailing edge

Figure l.- General dimensions and airfoll sections of models.
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Ge v
&

Root

|

Wing -/

Tunnel wo|>l-/ /
Clamping block

(a) Flush mount used for T- and S-series modeis.

Clamping block

W _ Root

=e=

— Wing/

Tunnel wall \
'
’

/
/

(b) Mount used for H-series model tests.

Figure 4.- Sketch of model mounts used in tests.
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